Abstract VOCs emitted by two composting static piles of biosolids coming from the "El Salitre" wastewater treatment plant (Bogotá, Colombia) were analysed during the composting process. Each pile in its sampling time was maintained with a different aeration system. The sampling was made using Solid Phase Microextraction (SPME); separation and identifications were made using Gas Chromatography (GC) coupled to Mass Spectrometry (MS). Aliphatic and aromatic hydrocarbons, chlorinated compounds, ketones, mercaptans, alcohols and amines were identified in concentrations greater than the norms stipulated by the EPA for inhalation in humans beings. The emission behavior varied according to the aeration system used.
Introduction
The Bogotá River is located in the center of Colombia and is one of the most polluted rivers in Colombia. "El Salitre", a municipal waste water treatment plant, has been constructed to handle a part of the domestic wastewaters generated in Bogotá that are finally incorporated in the Bogotá river. Biosolids volume generated during the wastewater treatment can reach 135 tons/day; various disposal methods for these sludges have to be used to cover the dairy production. Composting becomes an alternative to these solid wastes. The composting product can be used in a variety of applications including soil and crops remediation turning it into an income source, changing the concept of expense usually associated with wastewater biosolids (Haug, 1993) . In the composting process, however, a large amount of toxic, hazardous (the wastewater treated by the "El Salitre" plant is a mixture of domestic and industrial) and malodorous gases and vapors are emitted from the biosolids. This is a serious problem because it causes complaints from residents around the composting plants and people who work on them. In this study, we try to identify the nature of volatile organic compounds released into the atmosphere and estimate the VOC concentrations from the composting of municipal wastewater biosolids using two real-scale composting static piles (Eitzer, 1995; CIIA, 2000) .
Methods
Composting piles VOC analysis was made in two static piles during the thermophilic composting period. Both piles were assembled with biosolids from the "El Salitre" municipal wastewater treatment plant, using wood splinter as bulk material. Wood/biosolid mixing rates for pile 1 and 2 were 1.5 and 1.0, respectively. Pile 1 was operated 18 days without aeration and pile 2 was negatively aerated by 5 min every 25 min, during the sampling period (18 days) (Epstein, 1997; CIIA, 2000) . 
Analysis of material
Compost samples were daily collected (200 g approximately) and submitted for analysis. Each sample (100 g approximately) was placed in a 500 mL flask, and VOCs were isolated from the headspace of the sample by solids phase microextraction (SPME) using a 75 µm Carboxen/polydimethylsiloxane (PDMS) fiber and a fiber holder from Supelco (Bellfonte, PA, USA). Two different sampling modes were used and are shown (Figures 1 and 2 ) each one used for isolation of different volatility compounds. Static sampling is highly efficient for semi-volatile extraction and the dynamic mode must to be used for isolation of the most volatile compounds.
Analysis of volatile organic compounds
Following extraction, the fiber was transferred to the injection port operated at 250°C of a HP 6890 gas chromatograph coupled to a HP 5971A mass selective detector operated in the full scan mode. The electron energy was set at 70eV, the transfer line and ionization chamber were set at 260 and 170°C, respectively. The separation was achieved with an analytical column: DB-624 (6% Cyanopropylphenyl -94% dimethylsiloxane copolymer) (60 m × 0.32 mm × 1.8 mm) from Agillent (USA). The column temperatures: 45°C @ 5°C/min to 250°C, total analysis time: 41 min.
Results
VOC emissions were higher in the non-aerated composting pile. VOC concentration emitted during the composting period in both piles ranged from 100 to 940,000 µg/m 3 air/kg.compost. These concentrations values exceed U.S.EPA standards based on OSHA and NIOSH researches for human inhalation, these values are shown in Table 1 . Most of the VOCs identified in the compost emission are toxic and/or carcinogens. This fact is important if it is taken into account that 500 Mg/day of biosolids are planned to be treated by this composting process.
VOC behavior in composting pile 1
Concentrations of some VOCs during the composting process are shown in Figure 3 . Volatile hydrocarbons are emitted in a similar profile closely related with the temperature. Sulphur reduced compounds (e.g. DMDS) present two concentration peaks, one at the same time as volatile hydrocarbons and a second one with a diminished temperature on day 12 of the composting period. This can be explained based on volatility and the anaerobic source of these compounds, respectively.
VOC behavior in composting pile 2
VOCs emitted during the composting process in pile 2 are almost a half of those released by pile 1 and are shown in Figure 4 . There is not a straightforward correlation between VOC concentration and temperature, the emission profile is more affected by the suction cycles.
Conclusions SPME enables the acquisition of VOC concentration data during a composting process (Lozano et al., 1999) , low sample requirements and sensibility are some of the advantages of this technique over other conventional VOC sampling methodologies (Llompart et al., 1998) . Temperature plays an important role in the VOCs emission during the composting C.X. Ramos et al. 197 Figure 3 VOC emission during the composting processs and effect of the temperature on the emission profile in the composting pile 1
process. The increase in temperature assures a good quality compost, but favors the volatilization of VOCs that in most cases are toxic or malodorous such as was observed in the non-aerated pile (Pile 1) where the highest temperatures (52°C) were reached in a shorter period (6 days) compared with the VOC emission levels and maximum temperature showed by the negatively aerated pile (pile 2). 154 different organic compounds were identified in the composting pile emissions; from this 14 are regulated by the U.S. EPA because of toxicity by ingestion or inhalation and some of them are suspected to cause cancer (ACGIH, 1992) . 
